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Since its invention in 1986, atomic force microscopy (AFM) has been widely used as a tool for investigating 
material characteristics at a nanoscale level and its improvement has rapidly led to reliable and reproducible 
methods of imaging of biological specimens. Such soft samples can be imaged in liquid without severe 
distortions by using dynamic mode AFM, where the cantilever is typically excited near its resonance 
frequency by a dither piezo and the measuring system senses the amplitude of the oscillations during the 
scan. Besides its simple implementation scheme, largely used in commercial instruments, this working mode 
(AM-AFM) presents some drawbacks limiting the effectiveness of the measurement procedure. As an 
important enhancement, several self-driven (SD-AFM) excitation schemes have been proposed, in which  
the excitation signal is provided by a positive feedback of the cantilever deflection that induces self-sustained 
oscillations, whose frequency is related to the tip-sample distance and used as feedback signal. Although 
such operating mode has the potential of achieving higher resolution, the complex nature of the frequency 
shift signal makes it difficult to be used in most imaging applications. Recently, some novel methods (AT-
AFM) have been proposed with the goal of combining the benefits of the above classes of dynamic AFMs 
[1], [2]. These approaches are based on some feedback mechanisms providing the cantilever excitation, 
similarly to SD-AFM, although the measured quantity is still the oscillation amplitude as in AM-AFM. 
In this work we report a detailed experimental characterization of transient behavior and imaging 
performance of AT-AFM, compared with standard AM-AFM. Moreover, an additional degree of freedom 
provided by the presence of a variable saturation threshold in control loop is exploited to design a novel 
control algorithm (ATC-AFM) which greatly decreases the tip-sample mean interaction force yet achieving 
better resolutions. This soft imaging mode has been tested in air and in water by using photothermal 
excitation of the cantilever [3], thus obtaining a stable and reproducible dynamical characterization. 
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Image of biological sample in different conditions. A] Standard AM-AFM with an amplitude threshold of 90% 
of the free amplitude (soft). B] Standard AM-AFM with an amplitude threshold of 78% of the free amplitude 
(hard). C] Image in ATC-AFM with an amplitude threshold of 90% of the free amplitude (soft). 
